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AH  ANALYSIS  OP  THE  PROCEDURES  US-D  IR  THE 
MAiraATTAH,  KANSAS  TRANSPORTATION  STUDY 

By  P.  R.  Patil 


SYNOPSIS 


Analysis  of  many  travel  habit  studies  indicate  that  zonal 
trip  interchanges  can  be  determined,  within  reasonable 
limits  of  accuraoy,  by  the  application  of  mathematical 
formulas,  called  "traffic  distribution  models."  If 
certain  characteristics  about  an  urban  area  are  known,  it 
is  possible  to  compute  an  estimate  of  its  trip  distri- 
bution patterns  by  utlizing  mathematical  model  techniques* 

To  get  the  basic  parameters  needed,  with  considerable 
less  time,  money,  and  efforts,  for  utilizing  these  mathe- 
matical models,  new  techniques  are  developing.  The 
estimating  equations  for  trip  production  and  attraction 
as  developed  by  Prof.  Bob  L.  Smith  for  their  use  in 
gravity  model  are  given  in  this  report.  The  methodology 
used  by  Wilson  &  Co.  in  using  these  equations  in  the 
Manhattan  transportation  study  is  discussed  extensively* 


IHTHODOCTICar 

As  the  demands  to  construct  new  urban  roads  and  streets,  or 
to  improve  existing  ones,  are  increasing,  considerable  time,  money, 
and  effort  are  usually  expended  in  the  planning  and  design,  of  such 
improvements.  For  the  most  part  the  planning  work  is  carried  on 
within  the  framework  of  an  urban  transportation  study.  Significant 
improvements  in  both  basic  study  philosophy  and  analysis  methodology 
have  greatly  contributed  to  a  better  understanding  of  the  urban 
transportation  problem. 

Many  studies  conducted  in  the  last  ten  years  have  indicated 
and  reoognized  that  urban  traffic  patterns  now,  or  in  the  future, 
are  a  function  (1)  of t 

1.  The  type  and  extent  of  the  transportation  facilities 
available  in  an  area. 

2.  The  pattern  of  land  use  in  an  area,  including  the 
location  and  intensity  of  use. 

3.  The  various  social  and  economical  characteristics  of 
the  people  who  make  trips. 

This  recognition  has  resulted  in  a  concerted  effort  toward  the 
development  of  a  transportation  planning  process  which  utilizes 
these  interrelationships  to  provide  quantitative  information  on  the 


Numerals  in  parenthesis  -  thusf  (1)  -  refer  to  corresponding 
items  in  the  References  Cited. 


travel  demands  oreated  by  alternate  land  use  patterns  and  trans- 
portation systems  in  an  urban  area.  Such  information  can  then  be 
used  by  various  agencies  to  make  decisions  about  when  and  where 
improvements  should  be  made  in  transportation  networks  to  satisfy 
the  present  and  future  travel  demands  and  to  promote  desirable  land 
development  patterns • 

Studies  of  travel  habits  have  led  to  the  development  of  mathe- 
matical formulas  or  traffic  models  which  can  satisfactorily 
reproduce  zonal  trip  interchange  estimates  obtained  through  compre- 
hensive home  interview  traffic  studies.  Several  formulations  of 
traffic  models  have  been  developed  for  the  estimation  of  future 
interchanges,  particularly  in  large  metropolitan  areas,  but  muoh 
additional  research  is  needed  to  evaluate  and  verify  the  various 
models  in  citioe  of  all  sizes.  Many  different  types  of  traffic 
models  are  now  in  existence  and  currently  being  utilized  in  trans- 
portation studies,  but  the  most  widely  used  model  to  date  is  the 
gravity  model. 

In  order  to  apply  the  gravity  model  theory  to  a  given  city,  it 
is  generally  considered  necessary  to  conduct,  as  a  minimum,  a 
comprehensive  origin-destination  (O-D)  survey  and  to  calibrate  or 
adjust  the  model  to  reproduce,  at  an  acceptable  level,  the  trip 
distributions  found  in  the  0-D  survey.  In  applying  a  gravity  model 
trip  distribution  formula  to  urban  studies  today,  full  use  is  made 
of  the  experiences  of  the  early  research.  Recent  research  conducted 


(2)  has  indicated  that  a  gravity  model  can  be  adequately  formulated 
using  only  a  small  sample  of  0-D  data. 

For  developing  a  transportation  plan  for  Manhattan,  Kansas,  an 
engineering  consulting  firm,  Wilson  &  Co.,  Salina,  Kansas,  first 
considered  conducting  an  external  and  internal  0-D  survey.  But  in 
consideration  of  time  and  money  it  would  involve,  the  gravity  model 
was  given  preference.  There  were  about  11,000  dwelling  units  in 
Manhattan.  Considering  a  20  per  cent  sample  for  interviews  and 
assuming  $10  cost  per  interview,  it  would  have  cost  $22,000  for  only 
the  home  interviews  in  the  0-D  survey.  This  cost  was  more  than  the 
entire  study  cost  under  the  gravity  model.  Gravity  model  seemed  to 
be  the  cheaper  and  quicker  method.  The  Bureau  of  Public  Roads  also 
agreed  upon  the  use  of  a  gravity  model.  Therefore,  finally  it  was 
decided  to  prepare  a  transportation  plan  for  Manhattan  with  the 
help  of  a  gravity  model. 

Purpose 
Wilson  &  Co.  used  the  estimating  equations  developed  by  Prof. 
Bob  L.  Smith  in  his  research  project  "An  Application  of  Gravity 
Model  Theory  to  a  Shall  City  in  Kansas  Using  a  Small  Sample  of 
Origin-Destination  Data"  (2).  There  were  two  sets  of  estimating 
equations,  one  for  trip  production  and  the  other  for  trip  attraction 
(see  Appendix  A).  These  equations  were  developed  from  the  data 
gathered  in  the  internal  0-D  survey  and  the  land  use  study  in  the 
Hutchinson,  Kansas  Metropolitan  Area.  Wilson  &  Co.  used  these 


equations  in  the  Manhattan  transportation  study  without  conducting 
an  0-D  survey.  The  purpose  of  this  report  was  to  document  the 
methodology  used  by  Wilson  &  Co.  in  using  these  equations. 

Scope 
This  report  was  limited  to  a  documentation  of  the  methodology 
used  by  Wilson  &  Co.  in  the  Manhattan  Transportation  Study.  This 
report  covers  the  methodology  used  in  estimating  1963  trip  produc- 
tions, attractions,  travel  time  factors  for  use  in  the  gravity 
model  formula,  and  the  testing  of  the  model  against  the  present-day 
trip  distribution. 


STUDY  PHOCSDURil  ADOPTED  BY  WILSON  &  CO. 

It  in  customary  to  develop  the  parameters  in  the  gravity  model 
formula  individually  for  each  urban  area  under  study.  Furthermore, 
these  parameters  are  developed  for  each  of  several  different 
categories  of  trips.  These  categories  tike  into  account  the  basic 
f reason  for  making  trips  and  are  generally  referred  to  as  trip 
purpose  categories.  In  his  research  Prof.  Smith  used  three  trip 
purpose  categories:  riome-Work,  Home-Other,  and  Non-Homo.  Therefore, 
Wilson  &   Co.  also  used  these  three  trip  purpose  categories.  They 
considered  students  trips  to  university  as  home-work  trips. 

The  trip  interchanges  were  calculated  by  the  following  gravity 
model  formula: 


(Equation  A) 
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where: 


T.  .  »  Trips  produced  in  zone  i  and  attracted  to  zone  j 

P.    ■  Trips  produced  by  zone  i 

A.    -  Trips  attracted  by  zone  j 

F.    ■  An  empirically  derived  travel  time  factor  which 
expresses  the  average  areawide  effect  of  spatial 
separation  on  the  trip  interchange  between  zones. 
The  measure  of  distance  or  spatial  separation 
between  zones  is  usually  the  total  travel  time 


between  the  centzoids  of  zones  i  and  j. 
n    «  Total  number  of  zones 

Prom  the  above  gravity  model  formula,  it  can  bo  seen  that  four 
separate  parameters  were  required  before  the  trip  interchanges 
(T.  .)  could  be  computed.  Two  of  the  basic  parameters  were  con- 
cerned with  the  use  of  the  land  in  the  study  area  and  with  the 
social  and  economic  charaotoristics  of  the  people  who  made  trips. 
These  were  the  number  of  trips  "produced"  (P^  and  the  number  of 
trips  "attracted"  (A.)  by  each  traffic  zone  in  the  study  area.  The 

w 

number  of  trips  produced  referred  to  the  number  of  trips  originated 
in  and  returned  to  a  given  zone?  the  number  of  trips  attracted 
referred  to  the  number  of  trips  arrived  at  and  departed  from  a  given 
zone.  Other  two  parameters  were  the  travel  time  factors  and  the 
total  number  of  zones. 

For  calculating  trip  production  and  attraction  the  estimating 
equations,  number  2,  4»  5»  7»  10,  11  and  13  (see  Appendix  A),  were 
used.  For  using  these  equations,  the  following  variables  were 
needed. 

1.  Cars/iSone 

2.  Cars/Dwelling  Unit 
3»  Persons/Zone 
4*  Persons/DU 

5.  Total  DU/Zone 

6.  Travel  Time  to  CBD 
7*  Wholesale-Retail  Jobs 
8.  Personal  Service  Jobs 


10. 

Grouped  Jobs 

11. 

Jobs 

12. 

LUX 

13. 

LU5 

14. 

LU6 

15. 

™9 

16. 
17. 

^220 

9.  Professional  Jobs  18,  ^ocq 

For  definitions  of  these  variables  see  Appendix  A# 


All  the  information  needed  for  using  the  estimating  equations 
were  gathered  by  Wilson  &  Co.  The  process  was  divided  mainly  into 
five  parts. 

1.  The  total  population  and  the  dwelling  unit3. 

2.  The  oars  per  zone. 

3.  Travel  Time  to  CBD 

4*  The  total  jobs  and  classification  into  categories. 

5*  The  land  use  areas. 
Further,  to  calibrate  and  to  test  the  gravity  model  t  telephone 
survey  was  conducted  and  the  travel  time  factors  were  determined. 

The  Total  Population  and  the  Dwelling  Units 
The  oity  was  divided  into  28  zones.  Zonewise  population  dis- 
tribution was  made  from  the  100  per  cent  population  survey  which 
was  available  from  the  city.  The  number  of  students  in  each  zone 
was  obtained  from  the  university  data,  i.e.  from  the  addresses  of 
the  students  at  the  university.  Then  the  total  population  per 
zone  was  obtained  by  adding  the  population  per  zone  obtained  from 
the  survey  and  the  number  of  students  per  zone  obtained  from  the 
university  data. 

The  original  equations  were  developed  from  the  data  obtained 


in  the  Hutchinson  Metropolitan  Area,  where  there  were  no  university 
students.  Manhattan  had  about  8,400  university  students  and  in 
addition  to  that  some  few  thousands  were  connected  with  the  uni- 
versity. The  influence  of  the  student  population  on  Manhattan  was 
that  there  were  very  few  single-family  units.  Generally  5  to  10 
students  stayed  in  one  house.  Some  families  had  rented  some  of 
their  rooms  to  the  students.  Therefore,  a  house  was  divided  into 
the  number  of  apartments  it  had  or  in  the  number  of  rooms  in  which 
students  were  staying  independently,  and  considered  these  apartments 
or  rooms  as  separate  dwelling  units  rather  than  considering  the 
whole  house  as  one  dwelling  unit.  This  was  done  with  the  aid  of  a 
land  use  map,  studying  each  house  in  each  block.  After  obtaining 
the  total  population  per  zone  and  the  number  of  dwelling  units  per 
zone,  persons  per  dwelling  unit  were  calculated. 

The  Cars  Per  'i'.^ 
3eoause  of  the  university,  a  considerable  number  of  out-of- 
county  cars  were  found  to  be  in  Manhattan.  The  total  number  of  oars 
registered  at  the  university  were  8,309.  Out  of  6,308  students  - 
registered  cars  at  the  university,  5,090  oars  wore  out  of  county 
oars.  There  were  comparatively  fewer  out  of  county  cars  with  the 
faculty  and  staff. 

The  process  of  estimating  the  number  of  oars  per  aone  was 
divided  into  three  parts. 

1.  To  estimate  the  number  of  oars  per  zone  from  the  Riley 
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County  registered  cars  in  Manhattan. 

2.  To  distribute  out-of-oounty  oars  which  were  registered 
at  the  university  in  their  respective  zones. 

3.  To  estimate  out-of-county  cars  which  wore  not  registered 
at  the  university  but  were  in  Manhattan,   for  each  zone. 

To  estimate  the  number  of  oars  per  zone  from  the  Riley  County 
registered  cars  in  Manhattan,  a  random  sample  was  chosen  from  the 
Riley  County  tag  registration  numbers  until  a  15  per  cent  sample 
of  Manhattan  cars  was  obtained.      (  For  the  method  used  in  the 
determination  of  the  sample  size  3ee  Appendix  B).     These  cars  were 
then  distributed  in  their  respective  zones  and  the  number  of  cars 
per  zone  were  obtained  for  this  15  per  cent  sample.     Then  for  each 
zone  the  number  of  oars  were  calculated  for  the  100  r>&r  cent  value 
and  the  Riloy  County  registered  cars  per  zone  in  Manhattan  were 
obtained. 

All  out-of-oounty  cars  which  were  registered  at  the  university 
were  distributed  manually  in  their  respective  zones,  And  the  number 
of  cars  per  zone  for  this  category  were  obtained. 

The  out-of-oounty  cars  which  were  not  registered  at  the  uni- 
versity but  were  in  Manhattan,  were  considered  to  be  5  per  cent  of 
the  Riley  County  registered  cars  in  Manhattan.     The  estimates  of  the 
number  of  cars  per  zone  for  this  category  were  calculated  by  taking 
the  5  per  cent  values  of  the  number  of  oars  per  zone  obtained  from 
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the  Riley  County  registered  oars  in  Manhattan. 

Finally,  the  cars  per  aone  were  obtained  by  adding  the  number  of 
oars  per  zone  obtained  from  J  (i)  the  Riley  County  registered  cars  in 
Manhattan,  (ii)  the  out-of-oounty  oars  which  were  registered  at  the 
university,  and  (iii)  the  out-of-oounty  cars  which  were  not  registered 
at  the  university  but  were  in  Manhattan.  Further,  the  number  of  oars 
per  dwelling  unit  were  calculated  from  the  number  of  dwelling  unite 
per  zone. 

Travel  Time  to  the  CBD 
The  travel  time  to  the  CBD  was  defined  as  the  driving  time  from 
the  zone  oentroid  in  question  to  the  CBD  zone  centroid,  in  minutes. 
The  term  "Travel  Time  to  the  CBD*'  was  referred  to  as  MCB3  Distance"  in 

■ 

the  Report  by  Smith,  (See  Appendix  A  and  Reference  2). 

To  obtain  these  times,  first  the  average  driving  times  for  every 
street  from  intersection  to  intersection  were  determined.  These  times 
were  determined  by  actually  driving  every  street  both  ways  in  the  mor- 
ning, noon,  evening,  and  night  periods  when  volumes  were  represent- 
ative of  peak-hour  conditions.  Trial  runs  were  made  until  the  total 
dispersion  of  driving  time  was  less  than  the  average  time  for  that 
particular  street.  The  Floating  Car  method  was  used  to  determine  the 
time.  The  field  procedure  for  obtaining  the  travel  times  can  be 
found  in  (3). 

Finally,  the  travel  time  to  the  CBD  for  each  zone  was  obtained  by 
taking  the  driving  time  from  the  center  of  that  zone  to  the  nearest 
intersection  and  then  adding  the  times  determined  by  above  method  for 
the  shortest  route  to  the  centroid  of  the  CBD  aone. 


The  Total  Jobs  and  Classification  into  Categories 
Nothing  helpful  was  available  with  the  city  on  employment  or 
jobs.  Therefore,  a  survey  of  all  the  businesses  was  made*  This 
was  done  by  going  shop  to  shop  in  the  downtown  area  and  other 
shopping  centers.  To  get  the  locations  of  spot  businesses  and 
services  scattered  throughout  the  city  the  land  use  map  was  used* 

The  information  gathered  in  this  survey  was  the  business  name, 
address,  type  of  business,  and  the  number  of  employees*  For  a  repre- 
sentative data  sheet  see  (Appendix  B).  From  these  data  the  total 
number  of  jobs  were  separated  manually  into  the  neoded  five  cate- 
gories. With  the  help  of  the  addresses  these  jobs  wore  further 
distributed  in  their  respective  zones  and  jobs  per  zone  were  ob- 
tained. Faculty  members  of  the  university  were  considered  in  the 
grouped  jobs.  Students  trips  to  the  university  were  considered  as 
home-work  trips.  When  work  trip  attraction  was  calculated  by 
equation  number  7  (see  Appendix  A),  students  were  considered  in  the 
category  of  'jobs*,  is  students  do  not  attraot  others  for  their 
services  (except  university  staff  and  faculty),  they  were  neither 
classified  in  any  further  job  categories  nor  used  in  any  other 
equations.  See  Appendix  A  for  job  categories. 

The  Land  Use  Areas 
In  determing  the  various  land  use  areas  some  trouble  was  en- 
countered, because  the  areas  needed  were  not  clearly  defined.  For 
example,  in  LU^  which  calls  for  recreation  and  institution,  whether 
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to  take  whole  land  area  or  only  the  building  area.  A  school  which 
has  10  acres  of  land  but  a  building  only  on  a  very  small  portion  of 
it,  should  be  consider  is  10  acres  or  only  the  area  which  was  built. 
In  this  study  it  was  decided  to  take  the  building  area  plus  50  per 
cent  of  the  land  area. 

Again,  in  i^220  wl^oh  oalls  for  super  food  market,  whether  to 
consider  the  parking  area  or  not.  In  this  case  it  was  decided  to 
inolude  all  the  parking  area  of  the  super  food  market,  because  park- 
ing was  also  considered  as  attraction. 

All  the  land  use  areas  were  obtained  from  the  land  use  map. 

Appendix  C  shows  the  zonowise  gravity  model  factors  M  esti- 
mated by  the  above  methods. 

The  Telephone  Survey 
In  order  to  calibrate  the  gravity  model  the  telephone  surviy 
was  made.  Five  per  oent  random  sample  was  selected  from  the  city 
telephone  directory.  Business  listings  were  deleted  from  the  tele- 
phone book  before  the  selection  of  the  sample.  The  survey  was 
divided  into  two  categories.  One  was  for  the  trips  made  in  24  hours 
and  the  second  category  was  for  the  trips  made  between  4  P.H.  and 
7  P.M.  Two  separate  samplings  were  made  for  this  purpose.  If  a 
person  was  duplicated,  he  was  eliminated  from  the  list  of  the  second 
category. 

The  persons  were  requested  at  least  one  day  in  advance  for 


remembering  the  trips  they  made.  The  tripe  were  recorded  on  the  tele- 
phone traffic  survey  sheet  (see  Appendix  B)  and  then  further  classi- 
fied into  three  trip  purposes.  Further  the  trips  were  distributed 
in  their  respective  zones.  In  all  100  calls  were  recorded  for  the 
trips  made  in  24  hours  and  350  calls  for  the  trips  made  between  4  P.M. 
and  7  P.M.  This  survey  along  with  the  traffic  counts  at  screenlines 
and  intersections  wis  useful  in  checking  the  estimated  trips. 

The  procedure  followed  for  conducting  the  0-D  survey  by  tele- 
phone can  be  found  in  (4). 

Development  of  Travel  Time  Factors 
The  calibration  of  the  gravity  model  (Equation  A,  page  6)  was 
carried  out  using  the  three  trip  purposes;  home-work,  home-other, 
and  non-home.  The  calibration  consisted  principally  of  the  deter- 
mination of  travel  time  factors  which  resulted  in  a  trip  travel  time 
frequency  distribution  which  satisfactorily  compared  to  the  actual 
trip  travel  time  frequency  distribution. 

First  the  trip  travel  time  frequency  curve  wjjs  drawn  from  the 
data  obtained  in  the  telephone  interview  survey.  The  trip  travel  time 
frequency  was  defined  as  the  percent  of  total  trips  falling  in  each 
one  minute  increment  of  driving  time.  i.e.  the  number  of  3  minute 
trips,  the  number  of  4  minute  trips,  and  so  on.  Then  an  initial  set 
of  travel  time  factors  wis  assumed  and  the  trip  interchanges  between 
all  zones  were  computed.  The  trip  travel  time  frequency  distribution 
of  the  trip  interchanges  was  determined  by  finding  the  number  and  the 
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percentage  of  trips  falling  in  each  one  minute  increment  of  driving 
time.  The  estimated  trip  travel  time  frequency  was  then  compared 
to  the  actual  trip  travel  time  frequency  distribution. 

If  the  comparisons  were  not  within  the  limits  desired,  an  ad- 
justment was  made  in  the  initially  assumed  set  of  travel  time 
factors  for  each  trip  purpose.  The  travel  time  factors  were  adjust- 
ed manually  to  bring  the  gravity  model  estimated  percentage  of  trips, 
in  each  travel  time  increment,  into  closer  agreement  with  the  actual 
trips  at  each  increment.  The  actual  adjustment  was  made  for  each 
travel  time  increment  by  multiplying  the  initial  travel  time  factor 
by  the  ratio  of  the  percentage  of  the  actual  trips  to  the  percentage 
of  estimated  trips  for  the  respective  time  increments.  The  adjusted 
travel  time  factors  (for  each  one  minute  of  travel  time)  were  then 
plotted  against  respective  travel  time  increments  on  straight-line 
graph  paper.  The  second  set  of  travel  time  factors  was  then  deter- 
mined from  a  hand-fitted  line  of  best  fit  to  the  adjusted  factors. 
The  gravity  model  was  then  run  using  the  second  set  of  travel  time 
factors,  and  then  the  comparisons  of  trip  travel  time  frequency,  etc. 
wore  repeated.  This  process  was  oontinued  until  satisfactory  agree- 
ment among  the  comparisons  was  reached.  'Hie  set  of  Iowa  travel  time 
factors  (5)  was  also  tried  for  comparisons.  Slgure  1  shows  the 
comparisons  of  trip  travel  time  distributions  as  obtained  for  home- 
work trips. 
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TiiSTINC?  THE  MODEL  DISTRIBUTION 

All  the  variables  needed  for  estimating  trip  production  and 
attraction  were  collected  and  the  productions  and  attractions  were 
calculated  by  using  the  equations  developed  by  Prof.  3mith.  The 
equations  for  estimating  productions  and  attractions  in  any  city  are 
usually  developed  (by  multiple  regression  analysis  techniques)  from 
data  collected  in  a  small  sample  of  0-D  interviews.  However,  Wilson 
&  Co.  decided  to  use  the  "Hutchinson  equations"  and  to  develop  a 
correction  factor  for  them  rather  than  to  conduct  any  standard  0-D 
interviews. 

The  zonal  trip  interchanges  for  the  entire  city  were  next  com- 
puted using  the  gravity  model.  It  was  necessary  to  compare  the 
present-day  trip  distribution  given  by  the  model  to  the  existing 
trip  distribution  in  the  city.  Three  screenlines  as  shown  in 
figure  2  were  set  up  to  get  the  actual  traffic  counts.  Traffic 
counts  were  also  taken  at  various  intersections.  The  numbers  of 
trips  given  by  the  model  were  too  high  when  compared  with  the  traffic 
counts  at  screen  lines  and  intersections.  The  telephone  survey  gave 
an  additional  evidence  against  the  numbers  of  trips  obtained  by  the 
model. 

Correction  Factor 
When  zone  to  zone  trip  interchange  comparisons  were  made,  the 
variations  between  the  traffic  counts  and  the  estimated  trips  wore 
found  to  be  high  in  those  zones  whore  the  students  were  in  great 
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number.  Therefore,  it  was  apparent  to  attribute  these  variations 
to  the  student  population.  One  of  the  reasons  for  these  variations 
to  be  present  in  the  student  populated  zones,  was  considered  to  be 
that  students,  even  though  having  individual  cars  when  living  in  the 
sane  house,  tend  to  go  to  school  or  any  other  common  place  in  one 
car.  This  was  brought  to  notice  in  the  telephone  survey. 

To  oorrect  this  situation  it  was  decided  to  neglect  some  of  the 
student  population,  but  how  much  was  not  known.  The  main  purpoo* 
behind  all  this  was  to  eliminate  the  variations  between  the  counted 
trips  and  the  calculated  trips  for  eaoh  zone.  Therefore,  a  cor- 
rection factor  was  developed  by  Bendix  Computer  on  purely  trial  and 
adjust  basis  until  the  estimated  and  actual  trips  were  balanced. 
The  original  form  of  the  equation  was  as  follows: 

Total  Population  -  Students  +   0.75  Students   _  Qrt   _  . ,    ,  _ 
K Tota!  Population U *  0.80  X  estimated  Trips 

»  Actual  Trips 

Prom  this  equation  the  following  correction  factor  was  obtained. 

Total  Population  -  0.25  Students  n  on 
Total  Population        x  0,0° 

These  factors  were  calculated  for  each  zone  and  finally,  the 
trips  were  corrected  as  follows: 


Total  Population  -  0.25  Students   _  ^       _  , .   x  _,  m 

Total  Population x  °-8°  *  *»tl«at«d  Trxps 

■  Trips  (corrected) 


Screenline  Comparison 

Three  screonlinos  were  set  up  for  a  comparison  of  Bcreenline 
crossings  (actual  traffic  count)  and  the  crossings  obtained  from  the 
gravity  model  with  the  various  combinations  of  parameters.  The 
location  of  the  various  screenlines  is  shown  in  figure  2. 

Table  1  gives  the  actual  crossings  of  screenlines  and  the 
crossings  obtained  from  the  gravity  model.  Figure  3  shows  a 
graphical  comparison  of  soreenline  checks.  Crossings  of  screenlines 

TABLE  1 

COMPARISON  OP  SCBftStTLIVB  CROSSINGS  OP  ALL  TRIPS 
USING  ACTUAL  TRAFFIC  COUNT  AND  MODEL  DATA 

Soreenline  Actual  Model 

2 

3 

1  and  3  showed  about  9  po*  cent  and  8  per  cent  differences  re- 
spectively. This  could  have  been  remedied  by  applying  zone  to  zone 
adjustment  factors,  but  for  planning  purposes  and  in  the  judgment 
of  the  past  experiences,  these  differences  wore  not  considered  to 
be  significant. 

This  study  procedure  pointed  out  the  importance  of  a  compre- 
hensive series  of  screenlines.  Therefore  there  is  a  need  for  a  com- 
prehensive series  of  screenlines  in  this  type  of  study. 
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CONCLUSIONS 

It  was  concluded  thatj 

1.  Current  zonal  trip  productions  and  attractions  obtained  from 
the  mathematical  equations  developed  by  Prof.  Bob  L.  Smith 
appeared  to  give  a  usable  first  estimate  of  the  Manhattan 
zonal  productions  and  attractions. 

2.  Trip  productions  and  attractions  seemed  to  be  a  function  of 
the  type  of  population  (i.e.  student  population  in  Manhattan). 
Some  adjustments  were  required  in  these  equations  due  to  the 
considerable  student  population,  A  series  of  correction 
factors  were  developed  to  reflect  the  effect  of  the  student 
population. 

3.  Three  trip  purposes  -  home-work,  home-other,  and  non-home  - 

appeared  to  be  adequate  for  prediction  of  zonal  trip  pro- 
ductions and  attractions. 

A.     In  the  estimation  of  future  trip  attractions,  the  square  terms 
used  in  the  equations  gave  trouble.  Therefore  it  is  recom- 
mended to  avoid  square  terms  in  so  far  as  possible  in  the 
formulation  of  mathematical  equations. 

5.  Travel  time  factors  for  distribution  of  trips  by  the  gravity 
model  were  satisfactorily  estimated  by  calibrating  the  gravity 
model  with  trip  travel  time  frequency  data  obtained  from  the 
telephone  interview  survey. 
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6.  The  five  per  oont  telephone  survey  along  with  screonline  and 
intersection  counts  appeared  to  be  adequate  for  checking  the 
model. 

It  was  not  discussed  in  this  report  but  the  same  equations  were 
used  for  estimating  future  (1985)  trips.  If  some  standard  correction 
factors  or  a  mathematical  method  to  calculate  them  is  developed  for 
the  type  of  population  (e.g.  student  population  in  Manhattan),  these 
equations  will  save  considerable  time  and  money  in  estimating  trip 
interchanges  by  the  gravity  model. 
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USD  UStf  COUB 3 


UJ^  t  Manufacturing 

LUL  :  Construction 

LUg  :  Personal,  Business,  Repair  Services  and  Office 

LUg  t  Recreation  and  Institution 

^220  *  SuPe*  food  markets 

LUp^-  t  Department  store  and  general  merchandise  stores 

LU-cq  »  Apparel  and  accessories  stores 

LUggQ  t  Gasoline  service  stations 
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BETJ2RMJ.NATI0N  OP  15  P3H  C^T  SAMPLB  SIZE 

For  the  determination  of  the  sample  size  to  estimate  the  number 
of  oars  per  zone,  five  samples  each  of  3  per  cent  random  sample  from 
the  Riley  County  tag  registration  numbers  were  chosen.  For  each  of 
the  five  samples  the  oars  vero  distributed  in  their  respective  aonos 
in  Manhattan  and  in  the  areas  outside  of  Manhattan.  Then,  the  esti- 
mates of  the  per  cent  of  total  Riley  County  cars  in  each  zone  in 
Manhattan  and  in  eaoh  area  outside  of  Manhattan  wore  calculated  for 
each  of  the  five  samples. 

The  values  of  the  per  cent  of  total  Riley  County  oars  were  then 
plotted  against  the  per  cent  of  sample  for  eaoh  zone.  All  the 
graphs  showed  that  by  the  time  the  per  cent  of  sample  reached  to  15 
per  cent  value,  the  value  of  the  per  cent  of  total  cars  became 
approximately  constant.  Therefore,  finally  it  was  decided  that  15 
per  cent  sample  was  adequate  to  estimate  the  number  of  cars  per 
zone. 
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ABSTRACT 


This  report  presents  a  documentation  of  the  methodology  used 
by  Vfilson  &  Co.  in  the  Manhattan,  Kansas  Transportation  Study.  It 
covers  the  methodology  used  in  estimating  1963  "trip  productions, 
attractions,  travel  time  factors  for  use  in  the  gravity  model 
formula,  and  the  testing  of  the  model  against  the  present-day  trip 
distribution. 

Earlier  it  has  been  suggested  that  a  basic  aim  of  the  trans- 
portation planning  process  is  to  provide  decision  makers  with 
quantitative  information  about  the  consequences  of  decisions  con- 
cerning the  type,  location,  size,  and  timing  of  transportation 
improvements.  Recently  another  aim  is  considered  to  be  to  enable 
the  transportation  planner  to  better  understand  the  underlying 
factors  which  influence  travel  patterns.  Traffic  distribution 
models  have  greatly  aided  in  this  respect.  If  certain  charac- 
teristics about  an  urban  area  are  known,  it  is  possible  to  compute 
an  estimate  of  its  trip  distribution  patterns  by  utilizing  mathe- 
matical model  techniques. 

To  obtain  the  basic  parameters  needed,  with  considerable  less 


time,  money,  and  efforts,  for  utilizing  these  mathematical  models, 
new  techniques  are  developing.   The  estimating  equations  for  trip 
production  and  attraction  as  developed  by  Prof.  Boh  L.  Smith  for 
their  use  in  gravity  model  were  used  by  Wilson  &  Co.  in  the 
Manhattan  Transportation  Study.   But  these  equations  were  developed 
from  the  Hutchinson,  Kansas  Metropolitan  Area  origin-destination 
(O-B)  data,  and  therefore,  to  balance  the  estimated  trip  dis- 
tribution to  the  actual  trip  distribution  in  Manhattan,  a  correction 
factor  was'  developed. 

It  was  concluded  that  the  current  zonal  trip  productions  and 
attractions  obtained  from  the  mathematical  equations  developed  by 
Prof.  Smith  appeared  to  give  a  usable  first  estimate  of  the 
Manhattan  zonal  productions  and  attractions.  In  this  study,  trip 
productions  and  attractions  seemed  to  be  a  function  of  the  type  of 
population  (i.e.  student  population  in  Manhattan).  A  series  of 
correction  factors  were  developed  to  reflect  the  effect  of  the 
student  population. 


